I. INTRODUCTION *
In recent years, there have been considerable debates due to muddy water inflow into water bodies in Korea as well as other countries, which is important factor in efficient water resources planning. Excessive muddy water inflow is causing deterioration in water quality and malfunctioning of ecosystem. Sediment yield originating from an agricultural field, especially near streams, has been blamed for primary cause of muddy water problems in many watersheds such as Doam, Imha, and Soyang dam watersheds in Korea (Yoo et al., 2007 , Jung et al., 2007 .
To develop proper soil erosion best management practices, magnitude and extent of soil erosion and transport behaviors of it have to be fully understood for maximum soil erosion reduction efficiency. For these ends, many hydrologic and soil erosion models, such as the AnnAGNPS (Binger and Theurer, 2003) , HSPF (Bicknell et al., 2001 ), Pesera (Gobin and Govers, 2003) , WEPP (Pandey et al., 2008) , EUROSEM (Cai et al., 2005) , SATEEC , SWMM (Hwang et al., 2009) , and SWAT , have been developed and tested for numerous watersheds in many countries over the years. Among these models, the SWAT model has been widely used worldwide (Arnold The SWAT model ) is a continuoustime semi-distributed simulation watershed model. It was developed to predict the effects of alternative management decisions on water, sediment, and chemical yields with reasonable accuracy. One of its attractive features is that there is a long period modeling experience behind this model. It is chosen for modeling of catchment-scale sediment fluxes to the river. It is a well-documented model with an open source code that is able to manage hydrology, sediments, nutrients, and pesticides (Neitsch et al., 2002) . However, the SWAT model has its structural problems in contrast to the benefits.
As the SWAT model is not a fully distributed model, the spatial location and topographic features of all HRU within each subwatershed, which is the basic computation element in the SWAT model, are ignored in simulating hydrology and water quality at a watershed scale. It is important to note that topographic features of each HRU, such as field slope and field slope length, affect soil erosion and transport processes. Therefore, HRU-specific topographic feature should be used in simulating hydrology and water quality for each HRU within subwatershed for higher accuracy in simulated results. However, the current SWAT model/interface does not consider HRU-specific topographic data in hydrology and water quality simulation because it is not fully distributed model, as described before. For this reason, the SWAT model cannot calculate sediment value for each HRU correctly, resulting in errors in simulated sediment value at the watershed outlet. If an agriculture field is included in the watershed, impacts of using non HRU-specific topographic feature on estimated sediment will be greater than those with other parameter adjustments in calibration and validation processes. Thus, each land parcel of agricultural fields has to be simulated separately for higher accuracy in simulated hydrology and water quality from it.
Various studies about HRU have been conducted to solve the problem that the SWAT model has not been able to estimate accurately topographic features of each HRU (Kim et 
II. METHODOLOGIES
In this study, the DWDM was developed to complement limitations in the SWAT interface when delineating subwatersheds and streams networks. With the current automatic watershed delineation module in the SWAT model, it is not possible to reflect agricultural field boundaries in delineating water flow paths because watershed delineation was managed based on DEM, which is not that detail for agricultural field boundaries.
That is why subwatershed boundaries delineated with the DEM sometimes cross the agricultural field boundaries (Fig. 1) . The DWDM was applied to one subwatershed located in Jawoon-ri watershed, experiencing significant amount of soil erosion and sediment yield due to intensive agricultural farming, in Korea. More detailed description regarding development of the DWDM and its application for analysis of stream flow and sediment yield were depicted as follows. 
Development of the SWAT DWDM
The DWDM was developed in this study in order to predict hydrological and water quality at agricultural field level more accurately than before with the SWAT model.
The processes for the development of the DWDM were as follows (Fig. 2) .
First of all, automatic watershed delineation interface in the current SWAT interface was analyzed. Also analysis of watershed delineation extraction module was performed.
Second, the DWDM interface was designed based on the current watershed delineation dialog box. Third, the module for burning agricultural field boundary with the DEM was developed. Finally, after developing the module to create streamlink considering both streamlink made by automatic watershed delineation module in the current SWAT and that made by agricultural field boundary using various ArcView Avenue programmings, the DWDM for 
Study area
Small rural, hilly watershed (Fig. 4) , situated in the southern part of Hongcheon-gun, Gangwon-do in South Korea, was selected to demonstrate necessity of development of the SWAT DWDM module.
The latitude and longitude of study area are north 39 degrees 42 minutes 17 seconds and 128 degrees 24 
The SWAT input parameters
The SWAT input data, such as land uses, soil, DEM, and long-term weather data (Table 1) were prepared for the study watershed to evaluate the effects on streamflow and sediment of using the DWDM in SWAT runs. Digital soil map (1:25,000) from the Korea Rural Resource Development Institute was used ( Fig. 5(a) ). Digital land use data ( Fig. 5(b) ) obtained from the Korea Ministry of Environment was used to represent HRU with the soil data as shown in Fig. 5(a) . Digital Elevation Models (DEMs) (Fig. 5(c) ) with cell sizes of 1 m were prepared using the 1:5,000 digital map obtained from the Korea National Geographic Information Institute. Long-term daily historic weather data (from 1993 through 2007) collected from the weather station in Hongcheon-gun, the nearest one, Gangwon province were used in the evaluation of the DWDM.
Application of the DWDM to evaluate effects on streamflow and sediment
Watershed delineation and stream routing are carried out with DEM in the current SWAT model. That is, stream is routed through DEM. In general, from high elevation to low elevation, stream runs, and at the lower elevation than that of neighboring points, stream is gathered and formed. In this manner, the current SWAT model also makes stream at lower elevation than that of neighboring points.
With the stream formed by DEM, the current SWAT model routes the stream and simulates water quality and sediment. As the elevation is calculated based on DEM in the SWAT model, the elevation difference among neighboring points might be changed depending on DEM grid cell size. In many areas where stream is formed, there is little difference of the elevation among neighboring areas.
In this study, to overcome the aforementioned limitations of the SWAT model which form the stream nothing but using DEM, after making a shape file for real agricultural boundary through field survey or high resolution satellite image, it is inputted into "burn_in using agricultural field boundary" dialog box to analyze agricultural canals for additionally burning stream to estimate sediment and nutrient pollution from each parcel of an agricultural field accurately. Therefore, the additional watershed delineation of agricultural fields was conducted using the DWDM developed in this study to simulate streamflow and sediment, and the result values of them were compared with or without the DWDM.
III. Results

Development and application of the SWAT DWDM
The watershed delineation dialog box in the current SWAT is shown as Fig. 6 , and Fig. 6 also represents the DWDM dialog box applying the DWDM developed in this study. To apply the DWDM into study area, additional burning for an agricultural field should be conducted and additional data of an agricultural boundary which is obtained through field survey is needed to reflect real situation. After cultivating the ESRI shape file from agricultural boundary data, which is acquired through field survey, to be applied into the SWAT model, agricultural field could be burned individually if it is inputted into additional agricultural burning module.
In the DWDM, threshold area for an agricultural field can be defined such as threshold area for whole watershed is determined in the current SWAT. When comparing these two modules in the SWAT model, we have to check each part of the modules. Contrary to the current watershed delineation module which cannot consider agricultural field boundary in the SWAT model, the DWDM allows users to use a shape file for the agricultural field boundary in order to both be able to consider agricultural field boundary and delineate the agricultural field in a more detailed manner (Fig. 6) .
Agricultural boundary was not considered at all when burning it because of the problem as stated above that automatic watershed delineation module based on the DEM in the current SWAT was not able to delineate agricultural field reasonably well. Watershed delineation for each agricultural field is available considering an agricultural boundary using the DWDM because of additional burning of an agricultural field. Moreover simulations of hydrology, water quality, and sediment could be implemented considering the real agricultural field. As taking agricultural boundary into account shown as Fig. 7 , when delineating an agricultural field, watershed delineation of it can be managed according to an agricultural field in contrast of Fig. 1 .
In particular, after adding the agricultural field boundary Fig. 6 The current watershed delineation module and DWDM theme on the SWAT view, users can select a shape file for the agricultural field boundary. At the step of DEM set up, "Burn_in using Agricultural Field Boundary" was added to consider spatially distributed parameters, which functions to delineate an agricultural field in detail. Also, at the step of the stream definition, "Threshold Ag. Field
Area" was an additional feature of defining the threshold area users want. Thus, users could simulate a real situation of an agricultural field using the DWDM with ease. Additionally, runoff characteristic regarding real topographic feature can be considered as well. In the current SWAT model, the slope length is calculated as the horizontal distance from the origin of overland flow to the point where either the slope gradient decreases enough that deposition begins or runoff becomes concentrated in a defined channel (Wischmeier and Smith, 1978) . Surface runoff will usually concentrated in less than 122 m (400 ft), which is a practical slope length limit in many situations (Wischmeier and Smith, 1978) , although longer slope lengths of up to 305 m (1,000 ft) are occasionally found. 
Effects on hydrology of using the DWDM in SWAT runs
The result is shown in Fig. 8 . The simulation period is 
The simulated sediment was compared with the current watershed delineation module and the DWDM, which is either according to the additional burning of the agricultural field or not during Feb 1, 2000 to Dec 31, 2005. As shown Fig. 9 , the monthly average sediment with the current watershed delineation module is 0.779 ton/month, and the sediment with the DWDM is 2.688 ton/month. Thesediment with the DWDM is calculated larger than that with the current watershed delineation module. The difference between the current watershed delineation module and the DWDM is 1.909 ton/month, which is a 245 % increasing. were applied, real topographic features of study area were reflected to the SWAT model, and slope length with the DWDM was increased (Fig. 10) . Also the SWAT ArcView GIS Patch II calculates slope length of each HRU and subbasin considering flow accumulation, that's why slope length was increased in contrast to that of current SWAT model based on nothing but DEM without the SWAT ArcView GIS Patch II. As slope length with the DWDM was increased, sediment with the DWDM was increased in SWAT results.
When evaluating sediment yield in the SWAT model based on modified universal soli loss equation (MUSLE), soil erosion and runoff was calculated in the SWAT model as slope length is increased even though there have been same precipitation conditions. The formulas about slope length and sediment yield say that more increasing the slope length is, the more increasing the sediment is (Williams, J. R., 1995) ( (1), (2)).
where Lhill is the slope length (m), m is the exponential term, and αhill is the angle of the slope.
where sed is the sediment yield on a given day (metric), Qsurf is the surface runoff volume (mm H2O/ha), qpeak is the runoff rate (m 3 /s), areahru is the area of the HRU (ha), K USLE is the USLE soil erodibility factor (0.013 metric ton m 2 hr/ (m 3 -metric ton cm)), CUSLE is the USLE cover and management factor, PUSLE is the USLE support practice factor, LS USLE is the USLE topographic factor and CFRG is the coarse fragment factor.
IV. CONCLUSION
As the SWAT model was developed within the USA, it considered the characteristics of American topographic features. Unlike American topographic features, the Asian area, such as Korea, has different topographic features, such as the most steep slope areas, many small agricultural fields, etc. US topographic features, on the other hand, have lots of gentle slope areas and huge agricultural fields. That is why the SWAT model cannot estimate the sediment in each parcel of an agricultural field.
Topographic features in the watershed, especially on an agricultural field, strongly influence the slope and slope length, which is one of the most significant factors in sediment simulation. In particular, agricultural field in steep slope area has resulted in dominant sediment. When simulating this area, the analyst should be more careful.
There are a lot of small agricultural fields in both steep slope areas and small areas in Korea. At this point, to simulate them (i.e., streamflow, sediment, nutrient, etc.) accurately, the SWAT model needs to be modified for each topographic characteristic. The SWAT model has ignored spatial topographic characteristics due to the watershed-scale model, which constitutes a structural problem of the semi-distributed model.
Rather than simulating each of the subbasins in detail, the subbasins are lumped together. In this study, the DWDM was developed as both the solution to the errors of the SWAT model and for an increase in accuracy in a simulation. The factors of the simulated streamflow and the sediment were compared with the current watershed delineation module and DWDM according to the additional burning-and non-burning-of an agricultural field.
(1) The Monthly average streamflow with the current watershed delineation module is 27,219 m 3 /month, and the streamflow with the DWDM is 26,172 m 3 /month, which have about a 3.8 % difference.
(2) The Monthly average sediment with the current watershed delineation module is 0.779 ton/month and sediment with the DWDM is 2.688 ton/month, which have about a 245 % difference.
As the results show, when the DWDM was used, there was a significant difference (245 %) in the simulation.
This study shows that when simulating sediment in area including an agricultural field within steep slope, the DWDM might result in more practical and accurate data in the SWAT model, although the simulated result was not compared with the measured data, calibrated, and validated due to the measured dataless. This study could serve as a guide to simulate hydrology and water quality analysis in area including an agricultural field in a steep slope reasonably well.
Future studies are needed. 
